Results: Data from 521 participants (mean age 54.7, standard deviation 12.9) showed neither positive associations between lifelong physical activity and working memory, executive function, and visuospatial short-term memory nor positive associations between current physical activity and cognitive functioning in these domains (P-values > 0.05). However, a positive association between training walking speed and working memory was revealed (age adjusted Beta = 0.18, P-value < 0.01).
INTRODUCTION
A growing body of animal and human studies suggests that physical activity like 'cognitive or brain reserve' has a positive effect on the brain and on cognitive function (1) . Animal studies showed that physical activity increased proliferation and survival of neurons in the dentate gyrus of the adult mouse hippocampus (1) . Studies conducted in older humans showed physical activity to be associated with increased grey and white matter of the prefrontal and temporal cortices (2) , a reduced likelihood of cortical atrophy (3), as well as biomarkers of Alzheimer's disease in cognitively normal older adults (4) . Furthermore, a randomised controlled trial demonstrated that a home-based intervention programme of self-chosen physical activity, improved cognitive function, but the effect was rather small (5) . Finally, a recent comprehensive review suggested that approximately one third of the cases of Alzheimer's disease worldwide might be attributable to potentially modifiable risk factors including physical inactivity (6) .
Many of the hitherto conducted studies that examined the relationship between physical activity patterns and cognitive function, included individuals who were not particularly inclined to exercise extensively. Usually, these were people from the general older population. Previously, many older people were shown not to exercise frequently owing to a variety of reasons (7) . This underlines the importance of complementary research among individuals who are highly motivated to being physically active, both extensively and over a longer period of time. Previously, several of such studies have been conducted. These studies examined veteran athletes' hippocampal blood flow (8) and cognitive function (9) .
The present study aimed to expand on these previous findings from individuals who were inclined to exercise. We therefore set out to investigate associations of physical activity patterns with cognitive function among (senior) participants of the International Nijmegen Specifically, we examined associations of current and lifelong physical activity as well as walking speed with cognitive function. We examined both current and lifelong physical activity because lifelong physical activity might exert stronger effects on cognitive function than short term physical exercise (10) . Furthermore, we also examined walking speed because relatively less attention has been paid to the association between walking speed and cognitive function. Walking speed may be both directly and indirectly linked to cognitive function in later life through the health of the brain itself and that of various other organs on which the brain relies. Previous studies reported walking speed to be predictive of survival (11) , as well as larger left prefrontal regions of the brain (12) . and to be indicative of fitness of multiple organs and the brain, e.g. better pulmonary function and greater muscle strength (13) (11).
We predicted a stronger association between lifelong physical activity and cognitive function than between current physical activity and cognitive function. Furthermore, we predicted a positive association between walking speed and cognitive function.
METHODS

The Nijmegen Exercise Study
The Nijmegen Exercise Study (NES) is a cohort study. Its primary aim is to examine the effects of physical activity on health and disease characteristics (14) . For that goal, it enrols participants of the International Nijmegen Four Days Marches. To obtain a sufficient number of physically less active and inactive control participants, relatives and friends who did not participate in the Nijmegen Four Days Marches were also approached to participate. Between 15 June and 1 September 2014, NES study participants were invited to fill out an online questionnaire to assess demographic characteristics, physical activity parameters and relevant covariates (see section below entitled "Covariates") directly followed by an invitation to perform the online puzzle games of the Brain Aging Monitor -Cognitive Assessment 
Physical activity parameters
We assessed NES study participants' current physical activity levels in the past month using the Short QUestionnaire to ASsess Health-enhancing physical activity (SQUASH). The SQUASH was previously shown to be substantially correlated with objective measures of physical activity (17) . Using the SQUASH, we assessed the minutes per day of walking, cycling, carrying out household chores, gardening, doing odd jobs and sports activities (17) . Furthermore, we also assessed NES study participants' lifelong physical activity levels for four different age phases: 18-29 years, 30-49 years, 50-64 years, and ≥65 years of age (19) . For these lifelong physical activity, participants were asked to rate the intensity of these activities on a 3-point scale (low, moderate, or high). Subsequently, we assigned MET values 
Cognitive Function
Cognitive function was assessed using the Brain Aging Monitor -Cognitive Assessment (BAMCOG), which consists of online puzzle games that assess the performance in three cognitive domains: working memory, executive function, and visuospatial short-term memory (15, 16) . Previously, the BAMCOG was shown to have convergent validity with neuropsychological tests (Table 1 provides an overview of the puzzle games and associations with specific neuropsychological tests). Every game had successive levels of increasing difficulty and each level consisted of three trials. Advancing to the next level required successful completion of at least two of the three trials in the current level. In each game, cognitive function was measured as the highest level that a participant had attained. Prior to commencement of each game, participants were given concise instructions followed by a practice trial in order to familiarise them with the game.
Covariates
Demographic covariates were assessed including sex, age, and educational level (low to intermediate vs. high). Furthermore, we assessed Body Mass Index (BMI), hours per day of ´cognitive stimulating activities´ (i.e. reading newspapers and magazines, making brain teasers, and watching informative television programs), smoking status (never, ever, or yes current smoker), number of units of alcohol consumed per day, and hours of sleep per day.
Statistical Analyses
Demographic and background characteristics of the NES study participants were summarised using descriptive statistics. Spearman's correlation coefficients were calculated between performance in the cognitive domains as measured with the BAMCOG puzzle games and km/h). Regression models were adjusted for the above described covariates if they were associated with cognitive function or with the physical activity parameters at the bivariate level (P-values < 0.05), but were only retained in final multivariate models if they remained significant. To control for the false positive rate, the interpretation of P-values of individual independent variables was guided by inspecting the P-values of the overall ANOVA F-test of each regression model.
In line with previous studies in which associations between physical activity and cognitive function were examined in later life, the analyses were then repeated for senior NES study participants aged > 60. Furthermore, two sensitivity analyses were conducted. First, as diabetes mellitus was previously found to be associated with worse cognitive function (20), the above analyses were repeated without NES study participants who reported to have been diagnosed with type 2 diabetes. Second, because depression was also found to be associated with worse cognitive function (21), we also repeated the above analyses without NES study participants who reported to suffer from depression. In the final models, findings were considered statistically significant if associated P-values were ≤ 0.05. All statistical analyses 
RESULTS
Study population
There were 4221 NES study participants of whom 619 had cognitive data collected with the online puzzle games of the BAMCOG. After excluding 98 participants, data were available for a total of 521 eligible participants of whom 209 were > 60 years ( Figure 1 ). Participants who were included in the present analysis were slightly younger than NES study participants who had no BAMCOG data or who were excluded: Mean age = 54.7, Standard Deviation = 12.9 vs. Mean age = 57.5, Standard Deviation = 13.0, independent t-test: t (df 4219) = -4.66, P < 0.01). Percentage of women was not different between the two groups (48.8% vs. 45.4%, χ 2 (df 1) = 2.13, P = 0.145). Among the included participants, the number of women and men was comparable and there was ample spread in NES study participants' demographic and background characteristics ( 
Cognitive performance
The median performance on the BAMCOG puzzle games was 5 (interquartile range 4-7) for the game measuring working memory, 2 (interquartile range 1-3) for the game measuring executive function (planning), and 2 (interquartile range 1-3) for the game measuring visuospatial short-term memory. Performance on the BAMCOG puzzle games was found to have a negative association with age. Educational level was positively associated with working memory and visuospatial short-term memory. BMI was negatively associated with working memory and so was alcohol consumption. Female sex was associated with better visuospatial short-term memory, whereas smoking status and cognitive stimulating activities were negatively associated with executive function and visuospatial short-term memory. No associations were observed between sleep and cognitive function (see Table 3 ).
Physical Activity
Tertiles 
Associations between physical activity and cognitive function
When studying all participants in Regression analyses adjusted for confounding variables, (Table 4 ) demonstrated that neither current nor lifelong physical activity were positively associated with cognitive function. By contrast, training walking speed was found to be associated with working memory also after controlling for age (Beta = 0.18, P = 0.004, N = 249). The magnitude of the association between training walking speed and working memory was in between that of the association of working memory with age (Beta = -0.23, P = 0.000),
and that of the association of working memory with educational level (Beta = 0.15, P = 0.006). Similar results were obtained when restricting the analyses to participants aged > 60 years. Sensitivity analyses in which participants with type 2 diabetes (N = 16) and depression (N = 34) were excluded, did not substantially alter the findings.
DISCUSSION
Contrary to our predictions, we did not find associations of lifelong and current physical activity with cognitive function in this sample of Four Days Marches participants of whom many were inclined to exercise extensively.
There are several possible explanations why we did not find associations between extent of physical activity and cognitive function. First, a restriction of range in levels of physical activity in the sense that there were only active participants was unlikely. The lowest tertiles of current and lifelong physical activity seemed to reflect lower activity levels.
Theoretically, the absence of associations of lifelong and current physical activity with cognitive function could also have been caused by a limited sample size and associated suboptimal statistical power. Yet, our sample had sufficient power to detect a medium effect size in a regression analysis with eight predictors (22) . Moreover, our findings did not change when we restricted the analysis to individuals > 60 years or after excluding participants with depression or type 2 diabetes in sensitivity analyses. In sum, we believe that the absence of associations was a robust finding.
Although we did not prove a direct association of lifelong and current physical activity with cognitive function, it is possible that physical exercise exerted an indirect effect. Our findings provided some support for this notion. On the one hand, better performance on the working memory task was associated with a lower BMI. On the other hand, a lower BMI was associated with higher levels of physical activity. Clearly, more research is needed to examine (25), which is a validated measure of global cognitive function (26) . The presently found association between faster training walking speed during preparation for the Nijmegen Four Days Marches and better working memory was also relevant. It was almost as strong as the association between age and working memory.
Furthermore, the association was as strong as the association between education and working memory. Education has been shown to exert a positive effect on cognitive function that is consistent with the 'cognitive or brain reserve' hypothesis (27, 28) . However, at the same time, more research should be conducted to know if walking speed is associated with better functioning in specific cognitive domains such as working memory as was found in the present study as opposed to global cognitive function or other specific cognitive functions.
There are several strengths of this study. First, our sample consisted of many individuals who were highly motivated to exercise. The present findings therefore complement findings from the vast majority of previously conducted studies, which were usually conducted among individuals who were less inclined to exercise. Second, a strength of the BAMCOG puzzle games were their ecological validity. They were easily accessible to participants who played these puzzle games online at home, while they were challenging enough to capture participants' attention. At the same time, the BAMCOG puzzle games were previously shown to have convergent validity with standard neuropsychological tests.
Furthermore, the association between worse performance on the BAMCOG puzzle games with increasing age found in the present study, supports the notion that the BAMCOG may measure age-associated cognitive decline. The associations between the BAMCOG puzzle games of executive function and visuospatial short-term memory and smoking status are also in line with a previous finding (29) . Other strengths were that we were able to adjust for important covariates which were associated with cognitive function or with the physical activity parameters, and the exclusion of participants who had other CNS disorders.
A number of methodological issues should be addressed. Our study was limited by its cross-sectional design. This leaves the question unanswered whether in our sample, training walking speed affected the trajectory of cognitive decline (differential preservation), whether it was associated with enhanced baseline cognitive ability (preserved differentiation) (30), or whether bidirectional effects were at play (23) . Assessment of lifelong and current physical activity and training walking speed through self-report could have been distorted by recall and reporting bias in participants as acknowledged by several researchers (4, 31) . However, the SQUASH questionnaire was previously shown to be substantially correlated with objective measures of physical activity (17 Taken together, we conclude that not the amount of current and lifelong physical activity, but rather walking speed seems to be associated with better working memory.
Walking speed therefore deserves more attention in research aimed at unravelling associations between physical activity and cognitive function. 
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